Control clumps of Selaginella wallacei Heiron., sprayed with distilled water with Tween 20, produced a high proportion of microsporangia. Similar clumps sprayed with 2-chlorethyl-phosphonic acid, and ethylene-releasing compound (Ethephon), at 7.65 and 76.5 mg/liter produced almost exclusively megasporangia. Treatment of Selaginella pallescens (Presl) Spring with Ethephon at 34 mg/liter caused the production of megasporangia in the microsporangiate files of the strobili. The possibility that ethylene may be involved in the regulation of heterospory in Selaginella is discussed.
Functionally different spores of two types are produced by all seed plants during the development of the organs of sexual reproduction. The gametophyte which is produced from one type of spore (the megaspore) bears the egg and its associated structures, while the gametophyte which is produced from the spore with the other developmental potential (the microspore) bears the sperm. A few families of vascular plants which do not produce seeds also produce spores with two different developmental patterns. Not only are these spores functionally different, but they are also different in size. This condition is generally called heterospory (26) .
The heterosporous genus Selaginella is a member of the lycopod family, Selaginellaceae, which has a fossil record dating from the Carboniferous. The morphological basis of heterospory in Selaginella has been the subject of several recent reports (7, 8, 12, 19) and numerous earlier reports for over a century.
The essence of the descriptive work is that determination of heterospory occurs sometime between the initiation of the sporangium and the degeneration of sporocytes, leaving many sporocytes in a future microsporangium and usually only one in a future megasporangium. Since determination occurs prior to meiosis, it is not a result of chromosomal segregation.
Lyon (14) noted that there were many more microsporocytes in a premeiotic microsporangium than there were megasporocytes in a megasporangium, at the same stage of development. She concluded that there was at least one more cycle of cell 1 Supported in part by National Science Foundation Grant GB-5663 to Sanford S. Tepfer, and in part while the author held a National Defense Education Act Fellowship. division in the sporogenous tissue of the microsporangium than in the megasporangium before the normal end of cell division and the differentiation of the respective sporocytes. French (7, 8) has presented quantitative data in support of Lyon's proposal. Thus, it is possible that the critical event for the regulation of heterospory in Selaginella is whether the final cell division occurs or whether it is inhibited.
In flowering plants, the megaspore is produced in the ovule which is contained within the carpel or pistil. In cucurbits, treatment with 2-chloroethylphosphonic acid (Ethephon) promotes the development of pistillate organs (13, 15, (20) (21) (22) 25) . Male plants of Cannabis sativa produce female, intersexual, and abnormal flowers in response to Ethephon treatment (17) . Ethephon is reported to break down above pH 4 to liberate chloride and phosphate ions and ethylene gas (6) . The compound is presumed to be taken up by the tissues of the plant, where it decomposes at the pH of the cytoplasm to liberate ethylene to the tissues. It has been proposed that ethylene gas is a natural endogenous regulator of sex expression in cucurbits (5, 23) .
The physiological basis of the determination and differentiation of the two types of sporangia of Selaginella, and thereby the basis for the pattern of their arrangement in the strobilus, has not received experimental investigation. As the first of several reports on the reproductive biology of Selaginella, evidence is presented that two species treated with Ethephon respond by preferentially producing megaspores.
MATERIALS AND METHODS
Two species of Selaginella were used in these studies; thev are representative of the two major subdivisions of the genus. Although their vegetative morphology is quite different, their reproductive biology is quite similar.
Selaginella wallacei Hieron. is a member of the Selaginella rupestris group (27) which is characterized by nearly spirally arranged isophyllous leaves, radial symmetry. and compact strobili composed of decussately arranged sporophylls. Each sporophyll subtends a single sporangium which contains at maturity either megaspores or microspores. Sporophylls and sporangia are continuously initiated at the apex of the strobilus and mature acropetaly; strobili are distinctly four-sided, forming four vertical files of sporangia. Both mega-and microsporangia usually occur in a strobilus, and they are often distributed in patterns (11) . The pattern typical of S. wallacei used in these experiments is basal megasporangia and apical microsporangia, although totally microsporangiate strobili, or strobili with sporangia distributed in other patterns and without pattern may be found in samples taken from various western Oregon populations and from the greenhouse populations derived from them.
Selaginella pallescens (Presl) Spring is a member of the subgenus (30) which is characterized by stems and branches flattened dorsiventrally, by dimorphic vegetative leaves (i.e., those on the upper side of the stem are smaller than those on the lower side), and by compact isophyllous strobili similar to those of S. wallacei. The pattern of sporangial arrangement in the strobili of the specimens used in this study is two vertical files of megasporangia and two vertical files of microsporangia.
Cultivation, Preparation, and Treatment of S. wallacei. A large actively growing flat of S. wallacei was selected from greenhouse populations derived from local natural populations. It was subdivided into small clumps; as much soil as possible was washed from the root mat of each clump, and then each was planted in horticultural vermiculite. These clumps were kept in the greenhouse for a few months where they were watered daily. Twenty-five days prior to use, all strobili were removed with scissors. During treatment the clumps were maintained in a controlled environment cabinet set for 20 + 2 C, with 12 hr dark, 12 hr light from cool white fluorescent tubes yielding an intensity of about 600 ft-c at plant level. The pots were set in small plastic containers which were kept filled with distilled water. Three clumps were sprayed twice weekly with about 10 ml of a solution of 7.6, 76.5, or 765 mg/liter Ethephon with Tween 20. Control clumps either were not sprayed or were sprayed with the water-Tween mixture without Ethephon. At the end of 18 weeks, a sample of strobili was removed from each clump.
Cultivation, Preparation, and Treatment of S. pallescens. Greenhouse specimens of unknown ancestry were planted in a mixture of loam, peatmoss, and aquarium gravel (1:1:1), fertilized with bone meal, and kept in a humid room in the greenhouse prior to and during the treatment period. During the treatment period the plant was sprayed twice weekly with about 10 ml of a solution of 34 mg/liter of Ethephon. The concentration is intermediate between the two lower concentrations used for S. wallacei. A sample of strobili was removed prior to, and after 7 weeks of treatment. Another clump was treated with the water-Tween mixture without Ethephon.
The experiments reported here, both for S. wallacei and for S. pallescens, have been repeated with consistently similar results.
Preparation of Ethephon. Solutions of Ethephon (Ethrel, CEPA) were prepared by dissolving the compound (Amchem 68-241, 92.8% acid equiv.) in distilled water that had been adjusted to pH 4.0 with 1 N HCl, and to which Tween 20 (Nutritional Biochemicals Corp.) was added to a final concentration of 0.01% (v/v).
The Data and Statistical Methods. Strobili were prepared for examination by clearing in sodium hydroxide followed by chloral hydrate, then dehydrated in an ethanol series to xylene; the procedure is similar to that described by Horner and Arnott (11) . The sex-type and arrangement of sporangia were recorded for each strobilus. Sporangia were counted as megasporangia if four spores (rarely more) were present, regardless of their size, or if a mature sporangium without spores could be clearly identified by its characteristically lobed shape. Sporangia were counted as microsporangia if hundreds of spores were present in them, or if a mature sporangium without spores could be clearly identified by its shape. All other sporangia were counted as aborted.
Because strobili were initiated throughout the experimental period, the samples were composed of strobili with various numbers of sporangia. For purposes of statistical comparison, the data for each strobilus of S. wallacei was converted to the ratio of megasporangia to total sporangia in the strobilus, and the set of ratios for each sample was compared with those of other samples using the Mann-Whitney U test for nonparametric, unpaired data, from unequal sample sizes.
An analysis of the distribution of mega-, micro-, and aborted sporangia for a sample of strobili was compiled from the distributions of sporangia in individual strobili. For each strobilus, the decussately arranged sporophylls were numbered basipetaly; the first sporophyll-pair-position is the most apical pair with at least one of the two sporangia containing recognizable spores. Thus, about eight pairs of premeiotic sporangia and a few pairs of postmeiotic sporangia without recognizable spores were not included in the analysis. The number of mega-, micro-, and aborted sporangia at each pair-position of all strobili in the sample was obtained, and their respective proportions of the total sporangia at that pair-position were computed. The analysis assumes that all strobili grow at approximately the same rate, that the variance of the mean number of pairs of excluded sporangia is small, and that the number of sporangia in each strobilus does not influence the data. The probability that these variables significantly alter the interpretation is very low considering the large number of strobili in each sample and the consistently similar results when the experiments are repeated.
RESULTS
Selaginella wallacei. The sample from the control clump sprayed with the water-Tween mixture consisted of 47 strobili which contained 1713 sporangia of which fewer than 1% were aborted and about 25% were megasporangia (Table I) . Of the 47 strobili, 22 had basal megasporangia and apical microsporangia; 7 were similar but had a few pairs of megasporangia mixed with the microsporangia in the upper portion of the strobilus; 6 strobili had a few unpaired megasporangia scattered in the upper portion; 8 were totally microsporangiate; and 4 strobili showed mixed mega-and microsporangia without recognizable pattern. Figure 1 shows the proportion of megaand microsporangia at each sporophyll-pair-position for the sample. It is clear that under the experimental conditions, the probability that megasporangia would be produced in the upper portions of the strobili of untreated clumps is very low. Excluding pair-position 1, which often has one member of the pair of sporangia without recognizable spores, the proportion of microsporangia was between 80 and 90% for the upper 13 pair-positions.
The data for the unsprayed control clump are similar (Table  I) . Although the per cent megasporangia values for the sprayed Figure 3 . Excluding pair-positions 1 and 2, which often have one member of the pair of sporangia without recognizable spores, the proportion of microsporangia is mostly between 50 and 65%, while the proportion of megasporangia is mostly between 20 and 40%. Megasporangia were not found in the microsporangiate files, although about 16% of the total microsporangia occurred in the megasporangia files (Table II) . The control clump sprayed with the water-Tween mixture is similar, demonstrating that this treatment has no effect.
Since megasporangia were never found in the microsporangiate files of the strobili, the occurrence of them in these files would be an indication that the treatment has caused sporangia which would normally be expected to produce microspores to produce megaspores instead. Figure 4 shows the proportion of mega-and microsporangia at each sporophyll-pair-position for the sample of strobili taken from the plant after 7 weeks of treatment with Ethephon. In the 7 upper pair-positions no microsporangia occurred, 60 to 75% of the total sporangia were megasporangia, and the rest were aborted. Less than 8% were microsporangia in the next 2 lower positions. After the 11th pair-position no megasporangia were found in microsporangiate files, and the proportions of mega-and microsporangia are similar to the sample taken before treatment (Fig. 4) and to the water-Tween-sprayed control clump (data not shown).
From Table II it can be seen that, if all of the sporangia in the strobili of the treated clump are considered together, then about 32% of the total megasporangia occurred in the microsporangiate files. However, this analysis does not distinguish that portion of the strobilus which represents new growth during the experiment. If only the upper nine pair-positions are considered, then about one-half of the total megasporangia occurred in the megasporangiate files, the other half in the microsporangiate files. Although about 35% of the sporangia in the upper pair-positions were aborted, they were equally distributed between mega-and microsporangiate files. This shows that the effect of the treatment was to convert sporangia which would otherwise be expected to produce microspores into sporangia which produce megaspores.
DISCUSSION
The results demonstrate that the exogenous application of Ethephon will cause the preferential production of sporangia containing megaspores in the strobili of two species of Selaginella. In cucurbits, Ethephon treatment promotes pistillate or hermaphrodite flower formation and delays staminate flower development (13, 15, (20) (21) (22) 25) . Male plants of Cannabis sativa produce female, intersexual, and abnormal flowers in response to Ethephon treatment (17) .
The influence of unsaturated gases on sex expression in flowering plants is well known (10, 18) , but the mechanism by which these gases, and in particular ethylene, exert their influence is still obscure. It has been proposed that in cucurbits the relative balance between endogenous auxins and gibberellins regulates whether the male or female condition will be expressed (2, 3, 9) . It has been shown (24) that treatment of cucumber with auxins (a-napthylene-acetic acid, indole-3-acetic acid) will cause ethylene gas to accumulate in sealed containers. Byers et al. (5) proposed that the role of endogenous auxin is to regulate the concentration of endogenous ethylene; their evidence suggests that ethylene gas is a natural regulator of sex expression in cucurbits. Others have concluded similarly (23) .
In several experiments with both S. wallacei and S. pallescens heterospory was not altered by treatment with auxins (a-naphthylene-acetic acid, indole-3-acetic acid), and treatment with auxin did not cause accumulation of ethylene in sealed containers significantly different from controls (Brooks, unpublished data). This suggests that auxins may not be involved in the regulation of ethylene production in Selaginella. A similar phenomenon has been reported by Miller et al. (16) . They studied the interaction of ethylene with auxin on rhizoidal and protonemal elongation of the gametophyte of the fern, Onoclea. Applied ethylene promoted the elongation of the protonemata, inhibited the elongation of the rhizoid, and inhibited cell division. However, growing protonemata in sealed tubes on media containing indoleacetic acid concentrations from 0.01 to 100 $M had no effect on the accumulation of ethylene.
In Selaginella the earliest histological and cytological feature which distinguishes an incipient megasporangium from an incipient microsporangium is the number of sporocytes produced prior to the onset of degeneration of the nonfunctional sporocytes (7, 8, 12, 14 , and other literature cited therein). Thus, it is possible that the mechanism by which heterospory is controlled is by the regulation of the number of times that the cells of the sporogenous tissue divide before the normal cessation of cell division in that tissue. If the maximal number of cell divisions occur, then microsporocytes have been determined. If the final cell division does not occur, then megasporocytes have been determined.
The effect of ethylene gas on cell division in plant tissues has been discussed by Burg et al. (4) , and by Apelbaum and Burg (1) . They concluded that when a tissue is in a stage of active cell division the application of ethylene gas inhibits or retards cell division, possibly by some type of alteration of microtubules which are essential for spindle formation during mitosis. They proposed that the type of alteration is similar to that by which ethylene alters microfibrillar orientation in stems and roots.
Assuming that the gas acts similarly in Selaginella, it is tempting to speculate that in the presence of an adequate endogenous concentration of ethylene the final cell division of the sporogenous cells is inhibited. This results in the production of 100 to 150 fewer (7, 8) sporocytes than in a microsporangium, in the degeneration of most of them, and in the usual determination of a single functional sporocyte which is encased in a thick coat of callose (12) . The single functional megasporocyte later undergoes meiosis to form four spores which will enlarge greatly and produce an endosporic gametophyte which is only known to bear archegonia. The remaining sporocytes in the incipient megasporangium degenerate; cell degeneration induced or accelerated by ethylene treatment has been described by Webster (29) and by Valdovinos et al. (28) . In the absence of an inhibitory concentration of ethylene, the final cell division occurs. This results in very little sporocyte degeneration (7, 14) and in the production of many sporocytes in the incipient microsporangium.
The results presented here suggest that ethylene gas might be involved in some aspect of the endogenous mechanism by which heterospory is naturally regulated in Selaginella. This possibility is being investigated.
